The goal and objective of industrial manufacturing of foods is today more than ever to provide sufficient amounts and types of products to the market place to satisfy the increasing demand for food varieties and services. The modern handling of foods must respect, besides the aspects of preservation, the more critical criteria of food safety, as well as higher standards with regard to palatability, nutritive values and convenience in use.
In this paper, we will discuss the influence of different processes of industrial handling on micronutrients, i.e. vitamins and minerals, especially those being more sensitive to losses during manufacturing processes. For some particular foods the older preservation methods will be compared with new technologies and with the usual home preparations.
Types of foods and their preservation technologies. Various types of food raw materials have been traditionally preserved by different means following the S47 fundamental principles outlined in Table 1 (1). Additional treatments such as cleaning, sorting, cutting grinding and mixing are applied to particular food raw materials. Like freezing, cooling and fermentation, they have little or no influence on the nutritive values of food. However, when referring to the milling of cereals to flours with low levels of extraction one gets the classical example of micronutrient losses through fractionation of a more or less storable food raw material ( Fig. 1 a and b) (2) . Milk, the most sensitive biological food material gets particular attention in the industrial handling for reasons of bacteriological safety, adequate preservation and the maintenance of its excellent nutritive values. Therefore, the different procedures for the preservation of milk products like heating, drying or fermentation, are chosen to maintain the highest possible quality standards (3). Nutrient losses occurring during preservation and preparation steps first of all depend on the particular physical properties of the different types of foods, but also on the characteristics of processing treatments. Foods that undergo procedures like washing, paring, milling or other methods of fractionation show obligatory losses which are mainly due to the desired refinement. The greatest losses occur through extraction or leaching-out of the water soluble nutrients and this includes some vitamins but even more so some minerals. The second important group of processing methods is linked to cooking operations e. g. the blanching, boiling, steaming or pasteurization and sterilization treatments of a varity of foodstuffs.
Here the solubility and heat-sensitivity of nutrients are at stake but good monitoring of the industrial procedures often allows better prevention of nutrient losses compared to the household operations. A third category of treatments concerns the rather gentle processes of refrigeration, freezing and dehydration. In these cases, the natural nutrient content is also protected by the favourable storage conditions. However, many refrigerated and deep-frozen products e. g. vegetables are preceded by a blanching stage to inactivate the enzymes and therefore losses occur during the wet processing step as well as during cooking and canning operations. To complete the picture one has also to consider the less important nutrient losses due to chemical aids during processing e. g. sulfite additions. From the harvest place through manufacturing and storage to the final preparation at the household level, modern industrial handling is combining the effects of several unit operations to minimize damage and to optimize the product performance, e. g. blanching followed by freezing is combined with microwave heating, or the heat treatment with aseptic filling into an adequate package and storing in the cold chain. These are methods of choice for the processing sequence of many frozen and refrigerated foods. Micronutrient contents after industrial processing of food. There are ample available data in the literature referring to changes in vitamin and mineral contents during preparation and processing of foods (4, 5) . However, the published data originating from a multitude of food materials and various preparation treatments makes any comparison a difficult and hazardous undertaking. Recently it has been shown (6) that microwave blanching improved the yields of vitamins and minerals compared to conventional blanching. But according to a new review by Gerster (7), the retention of vitamins during blanching, cooking and reheating of food in the Table 2 . Critical vitamins in the major food groups worthy of control in processed foods. Table 3 . Relative stability of vitamins during processing of foods* (1=unstable, 4=stable).
* modified according to Paulus K . (1983 (8) Vegetables: A choice of vegetables (carrots, green beans, Brussels sprouts and spinach) processed and frozen according to standard industrial procedures, i.e. paring, cutting, blanching and freezing, served for the determination of micronutrient contents after different processing steps. Reheated samples after blanching and freezing were compared with the same vegetables after canning, i.e. sterilized in a 2.2% salt solution.
RESULTS
Yields in the contents of critical vitamins after different heat treatments of milk (Fig. 2) demonstrate the advantage of the modern industrial heat processing, e.g. pasteurization and UHT (ultra high temperature) sterilization over the "classical" handling , i.e. boiling, in-can sterilization. As it is well-known from other investigations, spray-drying of milk has no additional effect compared with pasteurized (liquid) milk. Vitamin B12, besides B1 (and lysine), is certainly an important parameter for checking heat sensitivity in the processing of milk.
In processed mashed potatoes losses of micronutrients as reported in Figs. 3 a and b are partially due to peeling as indicated by the reduction of total solids and particularly the low retention of iron. The distinct thiamin losses are explained by the action of sulfite during different drying procedures. The granules submitted to a fluidized bed drying are much longer exposed to sulfite than the flakes which have been roller dried. The home-processed mashed potatoes have no SO2 added and therefore high yields of thiamin were recovered. Interestingly enough, vitamin C content in the industrial product slightly surpasses that in the home-prepared product.
Blanching and reheating of frozen vegetables bear the risk of weakening the cell-wall structure, and as a consequence there is leaching-out of minerals and trace elements at different degrees. This is clearly demonstrated by the marked differences in the yields of minerals in the four types of vegetables exposed in Fig. 4 . Two vegetables, carrots and Brussels sprouts, were used to measure the yields of minerals and trace elements after each step of processing, i.e. after paring-unblanched, blanched-frozen and thawed-reheated. species to another. With regard to mineral losses e. g. potassium, the differences are even more pronounced. Magnesium is more resistant to leachingout. As other investigators we also had a surprise with high iron yields in some canned products. Iron and zinc values could be influenced by the material used for the cans. Despite this hypothesis, the fluctuations in the yields of trace elements like iron and zinc would necessitate further analysis due to large differences of contents in the selected samples.
